Abstract-The density, viscosity, electric conductivity, volumetric thermal expansion coefficient, melting point, and refractive index of an aqueous solution of the [Emim][Cl] ionic liquid are measured over wide ranges of temperature and concentrations at standard atmospheric pressure. Analytical dependences of the investigated properties on the concentration and temperature are suggested.
INTRODUCTION
Ionic liquids (ILs) are currently the subject of great attention in both the basic and applied sciences, due to the possibility of synthesizing a large number of ionic liquids that differ in the structure of cations and anions, and exhibit unique physical and chemical properties that determine the prospects for their broad potential applications [1] . For instance, there are many examples of using IL as effective solvents [2] [3] [4] , reaction and catalytic media [5, 6] , electrolytes [7] , and so on. Their low volatility, almost negligible satu ration vapor pressure [8, 9] , and nontoxicity are important features of ILs that allow us to consider them as an element of green chemistry.
The high cost of ILs and our poor knowledge of the thermal behavior of their solutions are now limiting factors in their practical use. We need to know the lat ter in order to develop methods for the regeneration of ILs from solutions, find effective options for their practical application (e.g., in the separation of sub stances or as working media in technical devices). In this work, we experimentally study certain properties of an aqueous solution of an ionic liquid, 1 ethyl 3 methylimidazolium chloride ([Emim] [Cl] ) that has found wide application in different fields [10] [11] [12] [13] [14] .
At room temperature, [Emim] [Cl] appears as white or light yellow crystals with a melting point of 80°С.
The structural formula of [Emim] [Cl] Table 1 , where we can see that the data are limited in practice by the properties of the pure ionic liquid. However, it is primarily mixtures (particularly aqueous solutions, the properties of which over a wide range of concentrations and tem peratures are investigated in this work) that are of practical interest.
The considered IL is hygroscopic, and a negligible amount of water can affect its physical and chemical properties [16, 30] . For example, a content of 3% water reduces the viscosity of a solution by half at a temperature of 100°С. The hydrophility of [Emim] [Cl] opens up new possibilities for its applica tion in gas hydrates [10] . EXPERIMENTAL All of our experimental methods were preliminarily tested using the known properties of aqueous solutions of triethylene glycol or ethanol. The experimental results given in this work were obtained as the arith metic mean of three measurements.
Deionized water obtained on a Osmodemi 12 unit and ionic liquid [Emim] [Cl] from Sigma Aldrich (99.7%) were used in preparing our solutions. The IL solution concentration was controlled by a C20 Com pact Karl Fischer Coulometric titrator from Mettler Toledo with a relative measurement error of ±3%. The concentration of ionic liquid solutions is expressed as mass fraction (x, %) of [Emim] [Cl] .
Density measurements were performed by gravi metric means: the weight of a certain volume of a solu tion was measured at different temperatures corre sponding to the temperatures of our viscosity mea surements. Weighed samples were prepared on a ShincoADJ balance with a measurement error of ±0.0001 g. Volume was measured using a 1 mL volu metric graduated pipette with a measurement error of ±0.01 mL.
Viscosity measurements at [Emim]
[Cl] concentra tions of 40 to 80% with an error of ±0.3% were per formed on a VPZh 3 viscometer in the form of a cap illary tube equipped with a measuring reservoir marked with two indicators, M1 and M2. The capil lary tube was soldered into the body of a viscometer with two drainage pipes. A nozzle with a valve was [30] attached to the device. The nozzle was connected to the instrument's body with a conical joint. The princi ple behind our viscosity measurements was based on determining the time required for a specified volume of fluid from the measuring reservoir tank to flow through the capillary tube under thermostatic con trol [31] .
The viscosity of fluid was determined using the for mula , where К is the viscometer constant in mm 2 /s (accord ing to the manufacturer's specifications, K = 0.5144); t is the flow time of the fluid in s; μ is the viscosity of the fluid in mPa s; and ρ is the density of the fluid in g/cm 3 .
Measuring the Volumetric Thermal Expansion Coefficient
The scheme of our system for measuring the volu metric thermal expansion coefficient is shown in Fig. 1 . The narrow graduated glass capillary tube is firmly attached to a 60 mL glass flask. The flask is placed in an LOIP Lt 105a thermostat, allowing us to maintain the temperature in the range of 10 to 100°С with an accuracy of ±0.1°C.
The flask is filled up to the capillary graduation mark that serves as our reference point with a prepared aqueous solution of the ionic liquid [Emim] [Cl] at a preliminarily measured temperature. The flask is placed in the thermostat, and changes in volume are measured in the temperature range of 10 to 100°С. Our measurements of the pure ionic liquid [Emim] [Cl] were made at temperatures from 80 to 100°С, since the specified IL is solid below 80°С.
The volumetric thermal expansion coefficient was calculated using the formula
where dV is the change in volume in m 3 ; V is the vol ume of fluid in m 3 ; and dT is the change in tempera ture in K.
Determination of the melting point for our aqueous solution of [Emim] [Cl] was accomplished visually with a measurement error of ±0.2°С. The solution was placed in a KRIO VT 05 02 cryostat and its behavior upon shaking was observed for every 0.5°С.
Refractive index measurements for our aqueous solution of [Emim] [Cl] in the 5 to 95% range of con centrations (with a step of 5%) at ambient tempera tures (20-30°С) were performed on an IRF 454 B2M Abbe refractometer with a measurement error of ±0.0001.
Electrical conductivity measurements for our aque ous solution of [Emim] [Cl] at concentrations of 2.37 to 86% were performed at 20°С on a Crison GLP 31+ conductometer with a measurement error of ±0.5%.
RESULTS AND DISCUSSION

Density
The density of an aqueous solution of [Emim] [Cl] at various concentrations and temperatures is given in Table 2 , where we can see a slight reduction in density with an increase in the temperature and water content.
The data on the density of pure [Emim] [Cl] were taken from [15] .
Viscosity
Our results on solution viscosity depending on con centration and temperature are summarized in Table 3 and Fig. 2 , where we can see that the solution's viscos ity increases with a rise in the temperature and water content of the solution.
The corresponding changes in the solution's vis cosity depending on the concentration are very irregu lar. For example, the viscosity of pure ionic liquid [Emim] [Cl] at 70°С is 100 mPa s, while the viscosity at a water content of 20% at this temperature dimin ishes by a factor of 20. Raising the water content to 100% lowers the viscosity by a factor of 10. A strong dependence between viscosity and temperature can be seen from Table 3 in the area of high concentrations.
The viscosity of a solution of [Emim] [Cl] at low contents of water was determined in [16] . These data are presented in Fig. 2 , where they are compared to the results obtained in this work for x = 97.18% (the weight percentage of [Emim] [Cl] was taken as the concentration, x). Satisfactory correlation between the values can be seen. We can also see that a negligible amount of water (3%) can reduce a solution's viscosity by half. In addition, a strong temperature dependence is observed: the viscosity diminishes by half when the temperature is raised 20°С. . Mean relative error is 3.13%, and maximum rel ative error is 10.6%. Below, mean relative error is calculated using the expression
where n is the number of experimental points; is the experimentally measured value of the investigated property; and is the value of the investigated property, calculated using the analytical dependences proposed in this work.
Maximum relative error is defined as 
Volumetric Thermal Expansion Coefficient
Our data on the volumetric thermal expansion coefficient for an aqueous solution of [Emim] [Cl] in the temperature range of 10 to 100°С were smoothed using a linear temperature dependence whose parameters were determined as a function of con centration . The mean relative error is 4%, while the maximum relative error of 12% is observed at low temperatures and when x = 0%.
Analysis of the data presented in Fig. 3 allowed us to find the correlation between the slope of the tem perature dependence for volumetric thermal expan sion and solution composition. The slope changes from positive for pure water to negative for pure [Emim] [Cl]. Consequently, there is a concentration at which the volumetric thermal expansion coefficient of an aqueous solution of [Emim] [Cl] does not depend on temperature.
Our approximation shows this concentration is 79%, and the volumetric thermal expansion coeffi cient corresponding to it is 0.0005228 K 
Melting Points
Attempts to detect the onset of a solution's partial crystallization visually upon cooling from the emer gence of turbidity in a sample failed. The melting points of aqueous solutions of [Emim] [Cl], deter mined from the complete crystallization of an entire sample, are given in Table 4 . There are no data on melting points for solutions with concentrations ranging from 50 to 85%, since they do not crystallize at -80°С, the minimum tem perature for a cryostat. The solid phase of a solution with a concentration of 95% formed at -4°С consists of two layers: a cloudy white bottom layer and a top transparent layer, indicating the formation of two immiscible solid phases. Our experimental data con firm that the melting point dependence curve has a minimum in a concentration range of 50 to 85% that determines the presence of a eutectic point in this con centration interval.
Refractive Index
As can be seen from the experimental results for temperature 25°С given Fig. 4 , the concentration dependence of the refractive index is close to linear. It was found that the refractive index in the investigated temperature interval (10-30°С) changed only slightly and can be approximated with the expression The applicable ranges of the above dependence are T = 20-30°С and x = 0-95%. The mean relative error is 0.08%, and the maximum relative error is 0.32%.
Determining the concentration from the refractive index of a mixture is the simplest and fastest method, = + × + × so the specified dependence was given in the form for convenient use in [33] .
Electrical Conductivity
The dependence for electrical conductivity on the concentration of [Emim] [Cl] in an aqueous solution at 20°С is shown in Fig. 5 . As can be seen, electrical conductivity behavior with a well defined maximum at 85 mSm/cm and x = 37% is typical of strong elec trolytes.
The resulting analytical dependence for electric conductivity on concentration at 20°С has the form where σ is the electric conductivity in mS cm -1 .
The mean relative error is 1.97%. The maximum relative error is 15% in the area of low concentrations and does not exceed 3% in the remaining area.
CONCLUSIONS
The effect composition and temperature have on the properties of an aqueous solution of [Emim] [Cl] ionic liquid were investigated, and the following rela tionships were determined:
(1) An increase in the water content of a solution leads to a reduction in its density, viscosity, and index of refraction. A similar pattern is observed upon an increase in temperature.
(2) The slope of the temperature dependence for the volumetric thermal expansion coefficient changes from positive for pure water to negative for pure [Emim] [Cl].
(3) The melting point dependence curve has a min imum in a range of 50 to 85%, determining the pres ence of the eutectic point in this area of concentra tions.
(4) The dependence of the refractive index on the concentration is close to linear, and the temperature effect in the range from 10 to 30°C is negligible.
(5) The electric conductivity behavior of an aque ous solution of [Emim] [Cl] is similar to the behavior of the electric conductivity of strong electrolytes.
Analytical dependences for the measured proper ties of an aqueous solution of [Emim] [Cl] ionic liquid on the concentration and temperature at the standard atmospheric pressure were derived on the basis of our experimental data.
The dependences of the investigated properties of aqueous solutions of [Emim] [Cl] on their water con tent can be used effectively for the rapid analysis of their composition. 
